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In Memory of Michele Wheeler
(1974 ¢ 2020

This report was conceived and largely written by Michele Wheeler, our colleague, mentor, and friend.
Michele was passionate about protecting the Greakes and waterways of Northern Wisconsin, and
dedicated her life to it for many years, as a fish biologist for the Great Lakes Fish and Wildlife
Commission, a fisheries biologist for the Fish and Wildlife Service, the Executive Director for the Bad
RiverWatershed Association, and as the Lake Sup&iogramCoordinator for the Lakewid&ction &
Management PlagLAMPYor the Wisconsin Department of Natural Resour@&$NR)Besides being

an exceptional biologist, Michele had extraordinary skills infistg bringing stakeholders together,

and making everyone feel like an equal partner. She was a real listenbadraltalent fobalanéng

diverse perspectives and fimdycommon ground. We looked forward to meetings with Michele because
of the energy sh brought to her work. Michele made any day in the field feel like a fun adventure. She
f AOSR 0& KSNI Y2323 da22N] KINRXZ KIFI@S Fdzys FyR
Michele for her big, fun, and caring heart. Michele passed away in 20a nineyear battle with

cancer, which she courageously shared with the world through her, Biagk in the Wall: Letting in

Light on Hard Timeand memoir,The Throbbing Moon and the Three Season Ta8he leaves behind

an inspiring legacy ofwotk2 NBa G 2NB | yR LINRPGSOG [F1S { dzLISNRA2NJ |
riversL G KF& 0SSy Iy K2y2NJ 2 O2YLX SGS dGKAAa LI LISNJ (2
conservation efforts in the basin that she was so passionate about

(@]
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- The Coathors
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Executivesummary

Watersheds in the Wisconsin portion of the Lake Superior basin, specifically those in the red clay plains,
are susceptible to degraded water quality from direg stream banks, which can impacitsitneam

habitat andresult inexcessive nutrient loading(DNR20079. Watershed conservation efforts the

region that seelto improve water quality in streams and rivers have largely focused on restoring and
protecting hydrologyby & a fingthe flow.¢ Slow the flo{STFpractices seek to reduce peak flows

with a watershedscale hydrologic restoration approach that increaseshannel roughness and

sinuosity, surface roughness, water storagevetlands and infiltration Recent efforts have sought to
improve implementaibn of slow the flowacross jurisdictions, agencies, land ws&d land ownership
types,and to identify priorities for conservation efforts across the basin. This report summarizes an
extensive literatureverview toinform strategicslow the floweffortsA 'y 2 A 402y aAy Qa LJ2 NIiA 2
Superior basin. Ti&report focuses on research, monitoring, and management publications covering this
region, but also includework in other areas with similar hydrology, land use, and soils.

This report falls within the context of a long history of stewardship of the landscape and many recent
conservation initiatives. The Lake Superior basin in Wisconsin is the traditional, ancestral, and modern
home of the Anishinaabe. The Anishinaabe haaenstewards ofthis land for centuriesThrough

treaties, the Anishinaabeeded most of the basin to the U.S. in the MRDOs, retaining rights to

forage, hunt, fishand practice traditionalfieways Today the Bad RivandRed Cliff Bands of Lake
Supeior Chippewamanage reservations within thé/isconsin portion of the Lake Supertmsin and

the Great Lakes Indian Fish and Wildlife Commission works to support treaty rights in the ceded
territories. Tribal nations and agencies are crucial partnetsérwork to manage water quality the

basin.

European land use practices from the Ali800s to the migl900s greatly altered the hydrologic
regimes in the basin. In the last 50 yedrere have been diverse efforts to address these issues
throughrestoration. The goal of this report is to move towards establishing consistent conservation
goals and priorities across the basin based on the best available knowledge, t&agpisictitioners in
planningprojects While outside thdocusof this report, hydrologic restoration also has important
implications fomutrient enrichment sedimentcontamination fish and wildlife habitatand biodiversity
This reportwill also help identify synergist@pportunitiesto address tieseconcerns.

ReportOverview

This report includebackground a slow the flow efforts in the Lake Superior Basin, vaifocuson

bringing together scientific knowledge to form recommendations for best pracfides section titled
Recommendationsicludes STF recormendations for each land type based afiterature review, a
framework for a watershedcale strategic approach, and a discussion of how that framework could be
implemented. The report concludes with a discussion of future need8pdandix2, readers can find

an extensive literature summary thatcludes backgrounohformation aboutthe Lake Superior basin in
Wisconsinjncludingan introduction to the geomorphology, land cover, climate, and hydrotdglye
basin.This appendix also includag overview of therelevant scientifiditerature organized largely by
landscape characteristics, including watershed storage (wetlands), surface roughness, forest cover,
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agricultural urban, and rural residential landEhese sections provide context filwe recommendations
provided in the main section of the repoitthis paper waa partof the Lake Superior Collaborative
symposium helan April 29", 2022 where partners were able to provide feedback on
recommendations as next steps. This informatiocaigtured in Appendid, to influence future planning
efforts.

Watershedscalestrategic approach

We recommend a watershestale strategic approach to hydrologic restoratimerebypriorities for
hydrologic restoratiorare considered within the contextfahe larger basin so funding and efforts can
be focused irsubwatersheds and locatiomghere they will have the greateghpacts We propose a&et
of parameters and ranking criteria identified from our literature review thanstitutes a frameworko
implement a watershedcaleSTFapproach. Where available, we identify basiitle datasets that
could be used to implement that framework and pria#&STFefforts in the basinWe also identify data
gaps and newly available data that could imprave STHramework.

We recommencdthe followinghierarchicalparameters foranking subwatershesfor STFefforts:
1. Primary Criteria
1.1. percent storage by swhatershed and
1.2. peak discharge/subwatersheatearatio, and
1.3. percent open land by subwatershed
2. SecondanCriteria
2.1. percent oftotal wetland area with surface water attenuation by subwatersheut
2.2. proportion of riparian area not mapped as wetland by subwatersizedi
2.3. proportion of forested riparian areas of total riparian ardeasubwatershed
3. Tertiary Considerations
3.1. locations ofinactive farmland
3.2. transitionzone and soil permeability
3.3. downstream oastal ecosysteror habitat type and
3.4. land ownershiptype.

A multicriteriadecisionmatrix could be used to incorporate these multiple metticgrioritize among
watersheds angubwatershed. Where available, we present the data to do tivathe report

However, we also describe additional desktop and field assessments that are needed to develop a
complete, holistic decisiomatrix for prioritizingSTRwvork in the basin.

Recommenéd STF Aains

The following list summarizes the recommendations identified based on a review of primary literature
and work completed by resource managers. These are described in more detail in the report and the
literature review in the report appendiXhereport wascreated with and on théehalf of abroad
partnershipand published by the Wisconsin DNN®te that this document does natepresent any legal
requirements Some locabyrisdictions might have more restrictive recommendations/requirensent

than whatare discussed heregsheck with your local laws and restrictionben considering the
implementation of these practices.
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Watershed Storage
9 Target wetland restoration efforts to maximize an increase in overall watershed storage,
including wherewetlands can maximize storage and help desynchronize figwgs needs to be
considered carefully as artificially raising water elevations to provide more storage causes more
harm than good).

1 Use Height Above Nearest Drainage (HAND) analysis to idemitfyitp floodplain wetlands for

restoration and protection.

9 Protect highfunctioning watershed storage and hydrologic processes in existing wetlands and

floodplains.

1 Investigak potential opportunities to install wetlands, grassed waterways, and-$tage

ditches in agricultural fields.

1 Install multiple smaller projects in headwater areas, in parallel along multiple tributaries, for a
greater cumulative increase in storage as opposed to restoring a large single site lower in the
watershed.

Design lowtech processhased restoration approaches (Wheaton et al., 2019).

Design wetland restoration sites to include flow dispersal and grade control structures that
enable natural water level fluctuations, rewetting degraded areas with flood pulses and excess
flows, and reconnecting other wetland areas to the site and stream channel.

Agriculture

9 Pursue opportunities to harness transitional agricultural areas to increase interception,

infiltration, and retention

9 Incentivize STF flow practices and yamint source runoff trading

1 Implement best management practices on intensive farmlands
Upland and IrChannel Roughness

1 Map gully type and applgppropriate restoration actions for groundwatesr surface water

driven gullies.

1 Implement inchannel workconsistent with geomorphic studies, with a focus on@eh

solutions.
Urban and Rural Residential

1 Identify and prioritize STF efforts upstream of urban centers that will reduce peak flows and

flooding in developed areas.

1 Implement bioretention and stormater management approaches to help protect urban

infrastructure.

1 Continue assessments to identify and prioritize replacement or upgrades oftozam

crossings that have undersized culverts, are barriers to organism passage, or have eroding soils.
Forestry

1 Implement existing guidelines for Forestry BMPs.

9 Establish an open lands percentage threshold for hydrology and water quality protection, and

establish standard, repeatable methods for assessing open lands by subwatershed.

91 Clarify the delineation ofe Riparian Management Zones (RMZs) to determine consistent

standards for width and allowable practices in RMZs.

i Establish a consistent definition of unproductive steep slopes for private and public lands and

promote BMPs at those sites.
Receiving Waters
9 Prioritizz STF efforts in watersheds that drain to poor fen coastal wetlands.

= =4
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Nextsteps

The multiple land ownership typesd land use the basirmake watershegblanningand
managementhallengingTo move forward with ourecommendations, wédentified severaheeds
Theseinclude continued support and funding for the ongoing monitoring that hakrmed decisions to
date, formal assessment of the effectiveness of past restoration projects and agricultural Biéiag

for new andongoing research to understand the impacts of climate change and invasive or nuisance
species like emerald ash borer, and improved capacitgditat management and sharing.

Also needed aréighresolutionland cover highresolution hydrologically corrected elevation data
(from LIDAR) and an accurate delineatiompén lands dataallcollected at regulaintervals Abasin
wide map of histori@and modern ditch networke/ould alsohelp toinform the prioritization of wetland
restoration.Althoughthis report has focused on prioritizing hydrologic restoration, our rexaéw
existing knowledgemphasizes thamportance of protectingurrentwatersted storage. Efforts to
protect highfunctioning wetlands and landscapes should also be incorporated formally into any
strategic approach.

Lastly, implementing a strategic effort to slow the flow and improve water quaditgsshe basin will

require notjust maintenance of the many wide and effective partnerships in the basin, but a further
broadening of partnerships across industries, disciplines, and agencies.
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Introduction

Background

To protecttributary and Great Lakeater quality and habitat foaquatic organisms, conservation must
address lanatover and landisepractices in uplands and the headwater portions of watersheds
Without work to reduce overland flow and runoff, any downstream efforts to promote healthy fisheries
and water quality wilhave limited results.

Watershed hydrology and streamflow are major determinants of the composition, structure, and
dynamics of aquatic and riparian ecosystems (Poff and WW&&P, Richardst al.,2002, Seegeet al.,
2004, Harmaret al.,2012). A combination of climate, geology, and landsesgade watershed
conditions affect the volume, velocitgnd timing of streamflow. Air temperaturéumidity,

topography, land coverand soil composition determine rates of evaporation, infiltratiand runoff
that influence streamflow response to precipitation events (URB$6). Contributions of groundwater
to streams influencdasdlow characteristics between runoff events. Low flow and high flow events,
along with the variability in flow regima&cross seasons and yeaefinethe hydrologic character of
streams and rivers.

Hydrology, in turn, affects sediment erosion and transpeasater quality and instream habitat for a

huge numberof species (Fitzpatrick and Knox 20Carpenteret al.,1998, Detenbeclet al.,2003

Brazneret al.,2004, and others). Both resident and migratory fish species are affected by hydrology in
Lake Superior streams. High sediment loads carried by floodwaterdeposited orstreambeds
smothering spawning gravahd filling in deep pools favored by fish-dineam sedimentation also limits
macroinvertebrate production, a food source for many fish species (Hehlgly,2010) Seasonal
hydrologicpatterns trigger life history events for many species, with higiwglon spring triggering
spawning runs for many species like walleye and sturgeon, and low flow events encoorgginigms

to seekadequate habitat and preferred temperatures (Peffal.,1997).

Changes in land use and land cover affgatrology.At the time of Europearcontact the Ojibwe

people inhabited the regiofor centuries with lifestyles and economies based on forest and wetland
resources. Ojibwe land management practices helped shape the ecosystems of the regiom\(teen

et al, 2011).Today, there are two reservations within the Wisconsin region of the Lake Superior
Chippewa reservations in the basin, the Bad River Reservation east of Chequamegon Bay, and the Red
Cliff Reservation on the northern tip of the Bayfield Peninsula.

Europea settlers had dargeimpacton basin land covestarting in the late 1800s with extensive forest
clearing, followed by agricultural development and repeated ctedarogging. These practices have
alteredstream channels anstreamflow patterns, as wedissediment dynamics afrosion and

depositionin streamdor nearly 200years (Fitzpatrickt al.,1999, Fitzpatrick and Kng000, Lenet

al., 2003, Fitzpatrick2005, Fitzpatriclketal.,H nmp 0 @ CA (i | IndpliGadeBh@npeR & floddi dzR A S &
magnitudesesulting from land cover change including forest conversion and wetland draasaiipe

main causef valley bluff failures along steegtreamchannelsegments Consequently, sedimentation

rates in river mouths at Lake Superaiso increased.

10| Page
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Agencies i A & O 2 alieASyip@ritbasinbegan conservation efforts to improve watershed quality
about60 years ago @l day Interagencyommittee, 1964, 1971, 19). The Red Clay Interagency
Committee (RCIC) was formed in 1956 wiambers from many federal, stgtand local agencies to
identify solutions to erosion problems in the red clay area of the Lake Superior basin. In 1971, at the
request of the Governor of Wisconsin, the RCIC developed a Wisauidgiiplan to reduce erosioand
sedimentation in Lake Superior tributarjeghich later expanded to Minnesofar a total of 5 counties
throughout the red clay region. The RCIC worked with private landowners to implemerassess the
efficacy ofa variety of projects intended teeduce erosion and sedimentation, (see review in Fitzpatrick
et al.,2015).These efforts have largely focused on restoring and protecting hydrblpgsiowingthe
flow.£  ¢slivbthe flow(STFapproach seeks to reduce peskeamflows by using watershedscale
hydrologicrestoration approach that increasén-channel roughnesand channel sinuosity,
subwatershed land surface roughness, water storage in wetlaaas infiltration. Local natural resource
managers have implemented forest managemaeavetland restoration, channekstoration agricultural
best management practicdBMPs)and green infrastructure projects restore a natural hydrologic
regime, with an expectation amprovements to water quality and habitat. Demonstration and
restoration projects in the Lake Superior basin have been implemented since thQthidentury.

Many local organizations seek to continB&Fefforts in the basin (Ashland Coung010, Bayfield

County 2010, Bro and Frat2011, BRWA 2011, Douglas Coug809, Jereczedt al.,2011). Multiple

partnerships have supporte8STFefforts in the Lake Superior basin of Wisconsin, including the Lake

Superior Basin Partner Team (192@&12), the Chequamegon Bay Area Partnership (2019),andthe

Lake Superior LaadO | LIS wSa i 2NI A2y tQ NBESORER).Dwauydthe W2 Ay G/ |
W2AY(d / KASTAQ [FYyRAOFILIS wSailu2NrdAz2y t I NIySNARKALIE
Conservation Service (NRCS) worked together to improve the health of lEnmdsbnnecedto

privately owned lands. This included restoring landscapes by reducing wildfire threats to communities

and landowners and protecting water quality and enhagaevildlife habitat. Buildingon these prior

partnerships, the Lake Superior Cbbaative (LSGyasformed in 2018 to coordinate protection and
NBal2NI GA2y SFTF2NIa Ay 2Aa302yarayQa [1S { dzZISNR2N

Purpose andscope

DNR and many regional partners have sought to improve the strategic approsiciivahe flowefforts
through the Landscape Restorati®artnership and the Lake Superior Collaborative. A team of resource
professionals from the region identified priorisybwatersheda for restoration (Wheeleet al.,2014).

The effort identifieda fewcriteria for prioritizing subwatersheslincludingthe amount of open land and

its position inthe watershed, with emphasis on watersheds with known hydrologic degradation and
accelerated sedimentation. The team also identified best management practices for those locations.
With landscapescale maps of where to work, the team began to consider identifying the desired future
conditionof these subwatershedsnd restoration activiesto achieve these conditiond his led to
guestions about how toefine criteria, how to link criteria to priority actions, what level of change will
result inthe desired responsen condition and what the indicators of success should be.

11| Page
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To help anwer these questions, thigeport compiles the existing scientifisformation on the causal

linksbetween watershed condition and streamflow, with an emphasis on resdesahthe Lake

Superior basin of northern Wisconsin (Figure 1). Hydrologic, geonepgdtémicaland biological

attributes of lotic systems are highly interdependent. A complete discussion of the relationships
betweenhydrology and these other components is beyond the scope oféjpisrt. Instead, wantend

that thisreport provides a usful overviewof streamhydrology as proximate driveof sediment and

biological interactions in lotic systems. This paper focuses primariigwaewingthe hydrologic effects

of land useand land cover from published studieBrom this we suggest framework for prioritizing
STEFTF2Nlia I ONRPaa 2Aa02yairayQa [I1S {dzZISNA2NI 6 Ay D
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Recommendations

We have summarizedsubstantial body of literature on the relationships among land use/land cover
and hydrologic responseslevant for management dhe Lake Superidrasin in Wisconsirthis can be
found inAppendix2. In generalthe best availablgracticesseek toslow runoff and reduce peak flows
throughincreasng upland infiltration watershedstorage, upland roughnesandin-channel roughness.
In this chapteywe summarizeour recommendationglerived from this literature reviewy land use
category We discuss the need for a watershscale strategic approach asdmmarizehe state of the
science for identifying priomtlocations for slow the flow work in tHeasin To implementhis type of
approach a decisiommatrix @uld be used to incorporate multiple metrics and prioritize needs by
subwatershed. We present some of the data needed to do that W&eealsodescribe dditional
desktop and field assessmengs)d researchhat is neededto develop acomplete,holistic decision
matrix for prioritizing slow the flowefforts at the basin scale.

Establishedecommendationsand work to date

Watershedstorageand wetland restoration

Increasing watershed storage via wetland restoration or water and sediment control baainig s

priority throughout the basin (Bro and Fraf011, BRWA 2). The U.S. Fish and Wildlife Service has
been a partner on 9dvetland restoration and/or enhatement projects within the basin over the last 15
years. Sites range in size from less th@hectaresto 13.7hectaresand averagd.6 hectaregjust

over 16,000 squaraneters). Theaverage depth of most restored and/or enhanced wetlandk iiseter

deep Most of the projects have been implemented on the Lake Superior clay plain, but some have
occurred in suitable areas of mixed glacial till in higher elevation areas as well as in sandier locations and
barrens habitat. Typically, within the drier locains, groundwater near the surface is needed to provide

a reasonable water sourcd.ypes of projects include levee construction to block drainage ditches and
removing sediment from low depressional areas (Figure 2) and maintenance of water control ssuctur
on impounded wetlands and small flowages. Funding for these projects has been provided by a myriad
of partners including private landowners, ngovernment organizations, county governments, and
federal agenciesWetland projects conducted in partnerighwith the U.S. Fish and Wildlife Service have
focused on maximizingguatichabitat for migratory birds and waterfowl! that prefer water depthslof
meter or less because these areas are inhabited by many types of aquatic invertebrates and produce
rich aquatic plant growth.Most sites occur in agriculture fielddlsat were previously hayed on an annual
basis.

13| Page



wSPASs VR wSO2YYSYRI(GA2YyE F2NJ {f2¢ (G§KS Cf2¢ tQdbberinp2d@a Ay 2 A

CAIdzNBE Hd 2SGflyR NBad2NIrdA2y LINRP2SOG Ay 2
ditches prerestoration and b) seven years pasistoration.

We recommend targeting wetland restoration efforts to maximize an increase in ovesaltershed
storage including wherewetlands canmaximize storage anttelp desynchronize flowslin particular,
we recommencdthe following:

1 Us Height Above Nearest Drainage (HAND) analysis to identify priority floodplain wetlands for
restoration and protetion (see discussion under Parameter data sources and analysis below).

1 Protecthighfunctioning watershed storage and hydrologic processes in existing wetlands and
floodplains.

1 Investigak potential opportunities to install wetlands, grassed waterways] awo-stage
ditches in agriculturdields.

1 Installmultiple smaller projects in headwater areas parallel along multiple tributariefor a
greater cumulative increase in storage opposed to restoring a large single seer in the
watershed

1 Desigrlow-tech processased restoration approach€g/heaton et al., 2019)

1 Design wetland restoration sites to include flow dispersal and grade control structures that
enable natural water level fluctuationsewetting degraded areas witlobd pulsesand excess
flows, and reconnectingther wetland areaso the site and stream channel

Additional recommendations:

We also recommenadxploring the Wisconsin Wetland Conservation Trust (WW&S&)potential source

of funding for future wetlandestoration work in the basin. It is thetatewide irlieu fee program
administered by the Wisconsin DNR fioe mitigation of wetlands. Through the purchase of credits
from the WWCT, permitees can mitigate unavoidable impacts to wetlands. The WWCiivibsts that
funding in wetland restoration projects across the stdfe.restoration projects have been done in the
Lake Superior service area since the WWCT was created in 2014. Hanenlies, have been sold in the
Lake Superior service aremmd the WWCT is a potential source of funding for wetland restoration in the
future.
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Uplandandin-channel roughness
To increase upland ann-channelroughness:

Implementforestry BMPYqTablel) to maintain infiltration and vegetative cover.

Wisconsin DNR has made recommendations and descBb#els to maintain the filter function of the
forest floor and protect the natural systems (WDKRB07a, WDNR007b, WDNR2008 and others).
Continued dherence to these BMPs is recommended.
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Table 1BMPs that reduce peak stream floimgpacts on water system froirewandowskét al., 2015

Effects

BMPs

Increase spring transpiration

Increase filtration

Increase soivater holding capacity

Increase open water evaporation

Reduce irstream velocity

Reduce peak flows

1. Infield: crop and soil management

Perennial crops, and crop rotations with perennials or winter
annuals

Covercrops

o

Reduced tillage, contour croppinand residue management

Compaction management

Manure application

Do Do I B Do

o Do Do Do o

2. Infield: drainage water management

Alternative drainage design (depth, spacing, capacity)

Controlleddrainage

Alternative tile inlets

3. Infield and edgeof-field: surface flow management

Grassed waterways

Filter strips, contour buffer strips

4.Infield and edgeof-field: water storage andhfiltration

Saturated buffers

Restored and constructed wetlands

WASCOBESs, terraces, and detention basins

Ponds and irrigation reservoirs

Large retention basins

Do | Do Do Do ¢ Bx | D=

o Do B Do Dol | B¢ Do | Do ¢ Do

5. Otch channel: water retention

Structures for water control, including weirs and restricted size
culverts

T
T

Two-stage ditch with restricted size culverts

6: Rparian area: restoration and protection

Riparian vegetation

Streambank, bluffand shoreline protection

Restore channel meanders
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Map gully type andapply appropriate restorationactionsfor groundwater- or surface waterdriven

gullies.

The type of gully erosion and sediment loading differs throughoubtsnand has not yet been well
characterizedFithzpatricket al.,2005 LIDAR data, which is available for many parts of the basin, should
be used to locate and identify gully types as groundwasgpingor overland flow driven types. In
groundwaterdriven gullies, restoration should focus on increasing interception with coniferous tree
planting. In surface watedriven gullies, increased roughness elements to promote increased infiltration
should be priorized Vegetative filter strips that slow rurfadnd detention basins that store runoff are
recommended for the head of ephemeral gullies.

Implement inchannel workconsistent withgeomorphic studies, with a focus on lo¥ech solutions
In-channel projects to increase roughness should be used caiytiand selectively in the basibased
on the mixed success of previous proje&sdiment loadings substantial in many systems amndstalled
roughness elementhaybe quicklyburied, with little lasting ecological effedtikewise, increasing peak
flowsdue to a changing climateuald wash out projects not designed for changftawv conditions.This
type of restoration should only occur in watersheadxl locations whergeomorphic conditions and
sediment dynamics are walinderstoodand should focus omW-tech designs simulating natural
processegWheaton et al., 2019).

Forestry
We recommend working collaboratively with LS stakeholders to:

Implementexisting guidelines for Forestry BMPs

There are multiple guidelines and best managenmattices (BMPs) that have been developed to help
land managers implement practices designed to protect natural systems at national, statanidieake
Superior basin scale$dble 2 of Appendi). Forestryrelated BMPghat slow surface runoff in the ka
Superior basin include maintaining forest cover, promotimajure forest types, protecting adequate
riparianzonesand mana@g steep, erodible slopes.

Establish an open lands percentage threshold for hydrology and water quality protectiom

establsh standard, repeatable methods for assessimgen landsby subwatershed.

Several efforts have identified targetinimumpercent open land aretnresholds forprotecting

hydrology and water qualitin the basin(i.e., thresholds percentages of open land that should not be
exceeded)In 2009, thewWisconsirDNR compiled the amount of open land in hydrologic units identified
in Wheeleret. al, 201440 K N2 dza3 K2 dzi 2 A &4 O2 y & AWMDRR(201L0) deKribpmzh S NA 2 NJ
as young fores, agricultural landsand urban areas. In areas currently below 40% open land, timber
harvestandforestopeningwere supportedor a variety of benefits. Caution is recommended in
subwatershedinits currentlywith 40%to 55% operands.Creating additionabpen land in areas
currently greater than 55% open laminot recommendedWDNR (20108mphasizsthe importance of
scale in evaluating thproportion of openlands HUC 12 watershedsere usedo determinelarger

focal areasandsmaller hydrologic unitased inthe analysis werelelineated by Verryapproximately

2.5 kntin area, Benck et al., 2018) evaluatethe potential for open lands to have downstream effects
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on hydrologic integrit WDNR 2010)The NemadjBasin Plan establishedaget of less than 40% open

land areain subwatersheds approximately 10 square mitesize (NRCS, 199Bjkewise, a target of less
than 40% open landreawas identified for the Marengo River watershed (BRWA, 201®.Dougla

County Land and Water Conservation Plan 202020 (Douglas Count2009) recommends converting
open lands, particularly marginal pastures, to mature conifer fasminimize the impacts of

snowmelt runoff.Theplan recommended maintaining a minimuwh40% forest cover in HUC 14
watersheds (Douglas County, 2019pst recently, éforts to focuson watershedscale hydrologic

restoration under the Landscape Restoration Partnership targeted hydrologic units with 40 to 55% open
f I yYRa dzasduywateshessN\MEzalzaet al., 2014).

A single open lands threshold should be identified for consistency across the basin. In addition,
standard, repeatable methods for assessing open lands should be identified. One issue with past
analyses is that HUCs are mbivays full watersheds and sometimes have additional HUCs upstream or
downstream that they flow to oreceiveflows from. Calculatinthe proportionof open lands for HUC
couldresult inmisleading estimates of theroportion of open lands and howhey might affect

watershed hydrology. Instead, the percent open lanaigid¢be calculated using GLAHF hydrologic data
layers, which are a standard nested Great Lakes hydrologic framework (see Ebm@y016 and
owatershedg 0 @

Clarify the delineation of theRiparian Management ZongfRMZs)o determine consistent standards
for width and allowable practices in RMZs.

Recommendations from federal, state, and regional initiatives on the sigM¥ differ greatly Gee

Table 2n Appendix 2 and a standard definition is needed to priorit@&Fefforts. Most methods
describe RMZs as a lindaature with awidth that vaiesbetween10 ¢ 30 metersfrom the waterline or
ordinaryhighrwater mark (OHWM). The Nemad;ji River Basin Project defines riparian zones in the red
clay plain as the entire floodplain and adjacent slopes that are 20% or greater, including intermittent
channelyNRCS, 1998 Managenent approaches ilRMZsalso vary, but most existing
recommendations include encouraging forest composition that ngmie-European settlement

mixtures of deciduous and coniferous trees, with an emphasis on mature -sldeessionabnd
shadetolerant species. Murphy and Koski (1986und that nearlyall large woodn stream channels
derived from within 30 meters of the stream channeterfluve (2003) therefore recommesed no
harvest of live or dead trees in thisneto promote wood recruitmento stream channed where it
functionsasaroughnesslement, promotes nutrient cycling, and providegbitat for many species.
Interfluve (2003alsorecommends buffers at the top of valleylge erosion points to reduce surface
runoff volumes, consistent Wi recommendations in the Fish Creek watershed to stabilize drainages
from farmlands to waterways (Bro and Fra&011).

Establish a consistent definition of unproductive steep slopes for private and public lands and

promote BMPs at those sites.

The steep clay slopes in the Lake Superior basin are highly erodible. When adjacent to stream channels,
mass wasting of thesslopes leadto sediment inputs testream channelsThere is currently no

consensus on the definition of steep erodible slopes, nor on appropriate BMPs for thes®\diR&

(2007a) defines steep slopes as areas with an overall rise of 15%5wetersor more or areas with
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greater than 27% slope over any distanie. commerciaforest harvesis recommended fothese
slopes.These sites would benefit from BMPs that considerdtabilizing capacity afpecificspecies
late successional speciase foundto have the greatest root tensile strength (Davidsiral.,1989).

Additional recommendations

As a secondary priority, the distribution of deciduous usrsonifertree species should be considered
as they retain water at different ratgdlejadhashemet al,, 2012. Aminimum percentage of coniferous
cover should be established as a management taigethe basin

Agriculture

STF effort®n agricultural lands mustccommodate the realityhat the traditional crops that fornhe

basis of the agricultural economy depend on rapidly removing excess moisture from farm fields. Within
that context,we recommendhe followingprioritized approach

Pursue opportunities to larnesstransitional agricultural areas toincreaseinterception, infiltration,
andretention

Somefarmland in the basin is converting back to forestlddidcussed further belowBuch

GONI yaiAdazyl f-intersity farodugtionbrgesttralantl thadis farmed as a hobbytor
maintain agricultural use assessment and lower property téikegires 3 and 4) It also includes fields
that are no longer actively farmed and aretlie early stages obld fieldsuccession. These traneitial
lands are candidates for wetland restorationfor woody biomass crops that can provide economic
returns to ownerswhile also decreasing runoff he effectiveness of such plantings could be increased if
legacy soil compaction wasldressedefore planting and if the biomass crops were planted in concert
with subsurface plowing to deompact soils (., keyline plowing Duncan and Krawczyk, 2Q18/ore
research is needed to understand the potential of these methods.

For example: work with landowners not managing for row crops to identify opportunities for conversion to wetlands or forest cover

riculture?? | *° 557

Figure 3. Example of idafyting lands not managed for row crops to identify opportunities for
wetland or forest conversion.

19| Page

2 A



wSPASSs YR wSO2YYSYRIGAZ2YE FT2NI {f2¢ (GKS Cf2é tOdbbonir2des Ay

Figure 4. Fields the early stages of transition out of agricultural production could be used to he|
slowthe flow through wetlandrestoration or conversion to biomass plantings desigjito improve
infiltration, interception, and retention.

Incentivizz STHIow practicesand nonpoint source runoff trading

The trading of water quality credits is an established practice in rpartg of the US and typically

involves point source discharges of pollutants (such as wastewater treatment plants) paying landowners
within the same watershed to redudke non-point discharge of pollutantEPA2008. Such programs

are most effective when the cost of reducing the rawint discharge is less thdhe cost ofreducing

the point source discharge. Phosphorus trading is the most common form of water quality tf&fiAg
2008. Typically, the nofpoint phosphorus credits are generated by farmers implementing best
management practices to reduce soil erosion or by installing elester diversions to reduce manure

and nutrient losses from barnyard&PA2008). A phosphorus trading program for the Chequameg

Bay regior(where agriculture in the Lake Superior basin is focusexdild likely be structured

differently. Sudies indicatemost of thephosphorus discharge occurs during storm events and most of
that phosphorus comes not from agricultural lands thetass, but sediment eroded from within

stream channel$EPA2008. The channel or bankresionis caused, in part, bincreasedor rapid runoff

from agricultural lands. Thus, generating phosphorus credits from agricultural lands in the Lake Superior
bash could be done by implementing actions tisw the flow reduce peak flow events, and reduce
stream bank and bluff erosion.

The key to any watequality trading program is sufficient monetization of the generated credits to
provideanincentive for malkng land use changes or implementing the practi@&?2A2008. Typically,

the monetization results from poirgource dischargers being compelled to reduce loading through a
local, state, or federal permitting proceshlo pointsourcedischargersre currently facing such

mandated reductions in the Chequamegon Bay regimstead, ae optionto monetize phosphorus or
slow the flowcreditswould be for local municipalities to implement either a mandated or voluntary no
netincrease oreduction in phosphorus losses from permitted land uses. For example, an agricultural

20| Page

2 A



wSPASSs YR wSO2YYSYRIGAZ2YaE FT2NJ {26 (KS Cf2¢ tOdibberini2de8a Ay 2 A

operation or new building project that would result in increased runoff rates could be compelled or
FA1 SR G2 G2tdzy Gl NAE & 2 7F ¥ aldvihe Bz KO NBYR AAGyAO NENRAYS 16 & I Ly
implements practices telow the flowsuch as wetland restoration or conversion of pasture to trees.

Another model tancentivizetargeted BMBfor slow the flowefforts would be for resource
managers/funders to focus sbshare dollars in aredgiown to have a high proportion of intensive
agriculture and havélashystreams For exampleto focus wetland restoration on transitional
agricultural lands within the same watersheds as those identified as having a greatentagye of
intensive agriculture.

Implementbest managementpractices onintensivefarmlands

Onhighrintensityfarmland involving tillage and production of annual row crops, there are well
established best management practices that should be encourtgkeedlp reduce runoff rates. The
recommendedpracticesare summarized by Lewandowsii al. (2015) and listed in Table Of all the
listed practices, the production of perennial crops is likely the most effective as the perennial roots
improve infiltraion and the overwintering biomass improves surface roughn@hs. use of annual
O2@3SNJ ONR LJA (2 riautiBaNadds yak hido bd efettive) gadicularly after corn silage
harvest where therarevery little crop residue antlarvestingequipment traffic compacts the soil.

Urbanandrural residential

For urban and rural residential settingse wecommend focusing mostow the flowefforts in the upper
portion of the basinwhile also addressg important coastal resiliency needs to protect life and
property in urban areas

Identify and prioritize STRefforts upstreamof urban centerghat will reduce peak flows and flooding

in developedareas.

Since tke largesturban areasn the basin Supeior and Ashlandare inthe lower portions of

watersheds, the effestofurban BMPs would be limite@l 2 G KS € 201t | NBlFa yR [ ]
nearshore Slow the flowefforts in the upper portions of the watershed would resulcimulative

benefits for the urban communities downstream.

Implement bioretention and stormwater management approaches to help protect urban

infrastructure.

Urbancommunities arehowever affected by their coastal locations. Flooding during storm events is
exacerbated by high lake levels and storm sgrgs well as by elevated peak floisting doan
infrastructureis often not designed to accommodate increasing peak flows, and datesage

infrastructure due to storm events camd has hadnajor costdo coastalcommunities Bioretention

systems can capture and store surface runoff in urban and rural settings. Simplistic designs can capture
roof runoff in rain barrels and/or rain gardens.rhore commercial sites, green roofs or stormwater
storage pond$iavethe capacity forlarger flows (Bro and Frat2011). Implementation of green
infrastructure projectsvould increase resiliency tstorm eventsn urban areas.
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Continue assessments to identify and prioritize replacement or upgrades of rel@€am crossings

that haveundersized culvertsare barriers to organism passager haveeroding soils

There are severalngoingefforts in the basin to address the need facreasinghe capacity of culverts

to manage increased and increasing peak flows. The US Forest Service established standard methods for
assessing roadtream crossings for capacity, effects on stream health, stability, aquatic organism
passage, or erasn issues (USFS,Z). These methods are currently used to inventory crossings in the
Great Lakes including in the Lake Superior basin in Wisconsin. In addition, the University of Wisconsin
and Wisconsin Coastal Management Program have establishedesteulkpping community of practice

to share data and methodsitps://www.wicdi.org/). Continuing these efforts will contribute to

reducing damage to infrastructureand sources of erosioBuilding a streantrossingnventory has

been a priority across the Great Lakkfps://great-lakesstreamcrossinginventory
michigan.hub.arcgis.com/

Receiving waters

Historically upland wok has focused on upland problems, however, protection or impairment of
receiving waters may also be an important driver of upland conservation effidris could include
communities identified as endangered, threatened, or of special concern such as poor fens, which are
sedgedominated wetland found on strongly acidaturated pea{Coheret al,, 2020).We recommend

to:

Prioritize STFefforts in watersheds that drain to poor fen coastal wetlands.

Poor(acidic)fens commonly occur alorthe coastof Lake Superior but also occurdettle depressions
and flat areas bglacial outwastlor lakeplains (WDNR, 2015Cohenret al.,2020. The® ecosystems
deserve protedbn becausehey contain highspecies diversitand provide spawning and nursery
habitat for a rich assemblage of natimadsport fisheqEpstein, 201} Poor fens can be distinguished

by their weakly minerotrophic peatland soils influenced by surface and/or groundwater and relatively
high species diversitEpstein, 201) They are similar to open bogs, but have a higher pH and a
decreased presence of |darleaf andSphagnunspecieqEpstein, 201) In the Lake Superior basin, the
vegetation in open bogs is slightly elevated above the influence of miriehagiroundwatetby the

growth and influence o8phagnunhummockgEpstein, 201} Sphagnunmhummocks vick water

upwards, but also activebeidify the rooting zone and causautrient availability to be extremely low
(Epstein, 201y Protection offen hydrology is the paramount conservation consideration to ensure that
water levels remain within a range of natural variability and that saturation of the peat is constant
(Epstein 2017. Runoff laden with sediment, nutrients, or pollutants can altee chemistry of ground

and surface waters and affettte suitability for the sensitive peatland bio{&pstein 2017).

A watershedscale strategic approach

The Andscapescale processedescribed aboventeract in complex ways to affect hydrology. Therefore,

a strategic and targeted watershed approach is recommended to best reduce runcdtidness
corresponding habitat and water quality problemBy this, we mean that funding armdfort shouldbe
focusedon locations across the basin where they will have the greatest effect on water quality problems
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at a basin scalén this section, we descriltee capacity and precedent for taking a watersksdle
strategic approach in the Lake Superior basin ircvisin.

There is growing momentum and capacity for this type of approach to restoration and protection in the

Lake Superior basin of Wisconsin. The Lake Superior Collaborative
(https://fyi.extension.wisc.edu/lakesuperiorcollaboratiyevasformed in 2018 from historical

partnerships dedicated to partnered conservation and restoration work in northern Wisconsin. The LSC

is currently coordinated by a U\Extension staff position thas ifinancially supported by UA\Bxtension,

the US Forest Service, the Natural Resource Conservation Service, and the Lake Superior National

Estuarine Research Reserve. The LSC was established to continue and sustain wstatsteftbrts to

protect and resore Lake Superior and its basin in Wisconsin. It consists of government, acatidalic,
andnon-LINE FAG 2NBIFYyAT I GA2ya 62NJAYy3I AY GKS o0l &aAyd ¢KS
O2YYdzyAlASa YR SO2aeaidSyvya 2 fimatekesi@at ynd duppariedldy 1 S { dz
adzadlrAYySR FyR O2fftlF 02N GAGS O02yaSNBIFGAZ2Y LI NIySNH
visionby aligningconservatiorpriorities with the Lake Superior Lakewide Act®iManagement Plan

(LAMP) implementing projects to reduce pollution, improve habitat, and increase climate resiliency,

facilitating exchange among partners, and conducting public outreach to encourage watershed
stewardship.With the vision and partnerships established by H&Cpartness in the region are well

poised to develop and implement a strategic and targeted watershed approach to reduce runoff and

address related habitat and water quality problems.

Funding is a key component of any implementation strategy. A major source oftbteinding is
Clean Water Act Section 303(d) fundimdhichaddresgswater quality issueandadvocates a
watershed approach to plannintn Wisconsinto acces<lean Water Act Section 303¢dnhding,
watersheds must first developd@® Key Element Plan&hich includes specific requirements defined by
the US Environmental Protection Agentiie state can approach a city and/or coutayaddress TMDL
or impaired wates. Cities and/or counties caalsoapproachthe state if they see a need far9 Key
Element Plarn their jurisdiction To create a 9 Key Element Plan for a waterghedocalgovernment
and the state work together to solve common problerfibe $ate assists with the development of the
plan, by helping determine what the needs ar@entifyingareas of prioritizationand defining thescale
of the watershed projectThe state leads the project only when it is addressing a TMid_completion
of a 9 Key Element Plan allows for cities andhties to apply for EPA 303(d) funds and restiesr
watershed.Wisconsironly hasthe capacity to conduct a limited number 8fKey Element Plaras one
time. To date most ofthe plans have beefocused on priority watersheds in the southern part of the
state. In the LakeSuperiorbasin there aretwo 9 Key Element Plamfforts currently underwayThe
Marengo watershed which was completed in 2013 and Douglas Qaityyof Superio® Key Eleméen
Planswhichis currently about 1 year into their planning.

The Mareng® Key Element Plancludedmultiple stakeholdersrganized into a Citizen Involvement
Team, a Technical Teaand a Steering CommittedNearly30 different local state and federabencies
and organizationparticipated in the planThe resulting Marengo River Watershed Action Plan (BRWA
2010) used a combination of open lands data and National Streamflow Statistics Program modeling
outputsto identify priority locations for implemaation of slow the flowpractices. Analysis conducted
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for the plan estimated Zear peak discharge normalized by watershed area in 30 nested,poouir
MarengosubwatershedgFig.5) (Hollenhorst and Hudsqi2011)combined with a summary of the
percent of open lands in those sam@BatershedqTable2). Results identified areas susceptible to
excessive peak flow volumes and corresponding erosion and sedimenf&igi). This approachsed
the 2003USGS flood fuency regression equations thiaiclude evaluation of soil permeability,
showfall, percent storageand slopgWalker and Krug, 2003

Table2. National Streamflow Statistics ProgrgWvalker and Krug, 2008)odel inputs predicted two
yearpeakdischarge (cubic feet per second) results, and discharge results normalizegiuaee mile of
area for each of 30 subwatersheds within the Marengo River Watershedinaladed within each
subwatershed is percent open land and forests <16 years old (Qaity'&1S2009). Highlighted
subwatershedfiada discharge greater than 2@s/mile? and greater than 20% open lands.

9%
Watershed ID

1 2173 1.16 85.20 14.50 21.56 2500 11.507 20.9'
2 103.7 1.09 79.64 10.64 17.44 1330 12.821 25.8|
3 84.8 1.47 88.41 21.14 27.15 1020 12.032 10.0
4 65.1 1.60 86.03 24.60 25.50 740 11.373 4.4
5 69.1 1.53 86.34 23.20 25.50 803 11.620 7.1
6 15.5 1.21 97.81 12.18 86.91 418 27.054 23.4
7 4.0 0.46 91.80 0.64 57.38 264 66.218 50.1
8 4.9 0.10 89.33 32.22 24.06 147 29.982 30.4
9 194.1 1.23 £3.90 15.00 21.21 2190 11.282 19.8]
10 200.5 1.20 84.07 15.31 21.21 2260 11.273 20.3
11 9.1 1.26 101.77 5.22 57.62 298 32.684 31.0
12 4.3 0.10 74.40 0.16 46.11 391 90.123 44.4
13 4.8 0.18 77.50 1.41 49,08 307 63.859 41.0
14 9.2 0.14 76.09 0.81 63.64 659 72.005 42.6
15 69.1 1.42 78.92 13.32 15.96 801 11.599 11.6
16 59.6 1.63 79.32 15.21 28.10 772 12.954 6.8]
17 5.9 0.84 82.17 4.31 31.17 181 30.572 31.8)
18 9.5 1.65 89.25 12.84 33.98 185 15.374 5.0
19 43.7 1.65 85.02 30.40 16.59 466 9.771 1.3
20 33.8 1.65 76.91 18.44 9.65 326 9.651 1.5
21 13.8 1.65 86.00 9.55 46.69 295 21.453 4.7
22 28.1 1.65 81.13 37.97 4.19 184 6.538 1.2
23 5.6 1.65 84.50 28.67 31.53 88 15.788 1.9]
24 6.8 1.65 80.44 23.02 12,55 84 12.308 0.3
25 10.6 1.65 76.15 21.65 33.96 162 15.307 0.2
26 5.4 1.65 77.14 35.17 3.52 42 7.786 1.7
27 12.1 1.65 81.17 43.03 3.30 80 6.625 2.0
28 6.9 1.65 79.80 38.77 2.71 48 6.919 2.6
29 4.9 1.65 82.88 49,10 28.10 64 13.183 1.3
30 58.1 1.65 79.27 15.34 13.85 616 10.605 6.2
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Figureb. Results from National Streamflow Statistics Progf@éralker and Krug, 200&8)odeling for 30
subwvatersheddn the Marengo Rivewatershed ranked from largest to smalle$he plot shows the
mean discharge (green bayg)ean discharge greater than 20cfs/sq.mile and 20% open Kgohals
bars) percentopen landgred squaresy ' YR St OK & dzo ¢ | (blGeMamosdRyMtatal LIS N
Marengo River Watershed laradea.
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Figure6. Results from National Streamflow Statistics Progf@éralker and Krug, 200&8)odeling for 30
subwatersheds in the Marengo Riwgatershedd ¢ KS R2 G a3 2 NJ dhidd debidag)mr] v 0 & ¢
each watershed are sizdzhsed on thepredicted 2year peak discharge per square midue
highlightedsubwatershedsare those with a predicted-gear peak discharge per square mile greater
than 20 cfs andhat have at leas20% open lands.

Other regionsare implementingeffective approaches for strategic and targeted watershed
managementThe state oWermontusesa smilar STRapproachbased orapplying the concepts

described in tfs reportto reduce flood risk by implementing measures that emuthgnatural

functions ofsubwatershed, wetlands, floodplains, rivers, and caastermont has conducted more

than 150 diferent stream geomorphic assessments with the data maintained in the Stream Geomorphic
Assessment Data Management Sysi@vailable ahttps://anrweb.vt.gov/DEC/SGA/default.aspand
organized wihin the Vermont FloodReady websitghttps://floodready.vermont.goywhich also

maintains data about community flood risk assessments, funding squmcdther floodresiliency

planning resourcedlVisconsinNetlands Association (WWA) is currently using NJY" 2effoiit<as a

model for a strategic approach to watershed magement in the Lake Superior basin.

In the aftermath of the 2016 floodhe Wisconsin Wetlands Association (WWAQDeihe case for
protecting vulnerable infrastructure through Natural Flood Management (NNMM is an approach
AAYAT I NI G2 thatofighated in kh& UKFahdXazuses thmee methods: reducing the rate of
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